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(54) SEMICONDUCTOR THIN RLM AND MANUFACTURE THEREOF 

(57)Abstract 

PURPOSE: To provide a method for forming a high-quality AIGaInN thin 
film which has only a small amount of dislocation and point defects and 
which is suitable for manufacturing a blue semiconductor laser element 
which can be used for a blue light emitting diode, etc. 
CONSTFTUTION: This is a method for forming an AIGaInN thin film on the 
surface of a heated SiC substrate through a buffer layer by supplying 
material including group in elements and material including nitrogen. First 
of all, a single-crystal AIM film 12 is formed on an SiC substrate which is 
heated to 800** C. Then, a non-single-crystal AIN layer of 20nm in 
thickness 13 is formed at a substrate temperature of 600** C. Nextly, a 
single-crystal AIGaN layer 14 is formed at a substrate temperature of 
900' C or above. Then, a lattice matching AIGaInN layer 1 5 is formed on 
the AIGaN layer 14. By this method, the appearance of a dislocation and 
point defects is prevented and thereby a high-quality AIGaInN thin film 
can be formed. 




LEGAL STATUS 

[Date of request for examination] 14.11.1997 

[Date of sending the examiner s decision of rejection] 30.10.2001 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 



http://www1 9.ipdl.inpit.gojp/PA1 /result/detail/main/wAAAPNaWKtD A408203834P1 .htm 2007/05/1 8 



JP,08-203834A [CLAIMS] 



1/1 ^— V 





* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by connputer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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CLAIMS 
[Claim(s)] 

[Claim 1] It is the approach of supplying the raw material containing the raw material containing an IE group configuration 
element, and nitrogen, and forming an AIGaInN thin film through a buffer coat on the heated substrate front face. The 
process which forms the buffer coat which consists of AIGaN after forming the first AIGaN single crystal thin film on said 
substrate, Subsequently, the manufacture approach of the AIGaInN semi-conductor thin film characterized by including 
the process which forms an AIGaInN single crystal thin film after forming the second AIGaN single crystal thin film. 
[Claim 2] It is the approach of supplying the raw material containing the raw material containing an HI group configuration 
element, and nitrogen, and forming an AIGaInN thin film through a buffer coat on the heated substrate fi'ont face. The 
process which forms the buffer coat which consists of AIGaN after forming the first AIGaN single crystal thin film on said 
substrate. Subsequently, the process which forms the strained layer superlattice structure which consists of an AIGaInN 
layer from which two or more presentations differ in said second AIGaN single crystal thin film and on said second AIGaN 
single crystal thin film after forming the second AIGaN single crystal thin film, ****** — the manufacture approach of the 
AIGaInN semi-conductor thin film characterized by things. 

[Claim 3] It is the manufacture approach of claim 1st characterized by forming the first and second AIGaN single crystal 
thin films at the substrate temperature of 800 degrees C or more, and forming the buffer coat which consists of AIGaN at 
the substrate temperature of 800 degrees C or less, or an AIGaInN semi-conductor thin film given in 2. 
[Claim 4] The manufacture approach of the AIGaInN semi-conductor thin film according to claim 1 or 2 characterized by 
making into 300 or more revolutions per minute rotational speed of the heating object which the approach of forming is the 
vapor growth using an organic metal, and has arranged the substrate. 

[Claim 5] The manufacture approach of the AIGaInN semi-conductor thin film according to claim 1 or 2 characterized by a 
substrate being SiC or ZnO. 

[Claim 6] The semi-conductor diaphragm structure characterized by having a single crystal AIGaN layer, the buffer coat 
which consists of AIGaN formed on said single crystal AIGaN layer, and the AIGaInN layer formed on the buffer coat which 
consists of said AIGaN. 

[Claim 7] The semi— conductor light emitting device characterized by depositing a semi— conductor diaphragm structure 
according to claim 6 on a SiC substrate or a ZnO substrate. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates [ the blue which can be used for the light source for information processors, 
such as green / blue light emitting diode and an optical disk, or ] to thin film formation of a nitride system ingredient 
especially about the manufacture approach of the semiconductor laser component of short wavelength further 
[0002] 

[Description of the Prior Art] Since 670nm band AIGalnP system red semiconductor laser was commercialized in 1988. 
development of short wavelength semiconductor laser has been actively performed as the light sources for information 
processors, such as a laser beam printer and an optical disk. Although 670-690nm was the core of development at the 
beginning, a wavelength field is shifting to helium-Ne gas laser and 630nm band of this level with the demand of an 
improvement of the visibility of a bar code reader, the densification of an optical disk. etc. Furthermore, it will be further 
anxious for implementation of the semiconductor laser ranging from the blue and green to an ultraviolet area of short 
wavelength from red with increase of storage capacity in the future, and research of II-VI group system semiconductor 
laser has been progressing quickly ignited by p mold conductivity-type control having been attained. On the other hand, 
although gallium nitride (GaN) was an ingredient promising as a light emitting device ranging from the blue to an ultraviolet 
region in the compound semiconductor of a direct transition mold with about 3.4eV extensive energy gap, since a GaN bulk 
substrate crystal could not produce easily and there was no suitable substrate crystal for others, the development as 
semiconductor laser was seldom progressing. 

[0003] as the production approach of a GaN thin film — an aipha-aluminum 203 (sapphire) substrate top — MOVPE — 
generally the approach of carrying out vapor growth by law (metal-organic chemical vapor deposition) is used. It is going to 
decompose, and this tends to make trimethylgallium and ammonia react on the front face of the substrate heated at about 
1050 degrees C, for example, silicon on sapphire, and tends to grow a GaN thin film. Using 0 (0001) side of sapphire, it was 
proved that a comparatively good GaN thin film could be formed through GaN and the AIN buffer coat which were 
deposited at low temperature, and it was commercialized as blue light emitting diode, and resulted in until recently 
[0004] 

[Problem(s) to be Solved by the Invention] According to the above-mentioned conventional technique, since the 
difference of the very big grid mismatching of 13.8% or a big coefficient of thermal expansion was between a sapphire C 
side and GaN, a pit and a crack tended to go into the grown-up nitride, it was uniform, and growth of the good nitride of 
surface smoothness was difficult. 

[0005] When the buffer coat deposited at low temperature was minded, relaxation of grid mismatching was started 
efficiently, although growth of the nitride of mirror plane nature was possible, two or more [ 108cm - ] misfit 
rearrangements still existed, and formation of a quality thin film was difficult [ it is flat, and ]. Furthermore, according to 
the conventional technique, since sapphire was used as a substrate, there was a problem that processing was difficult and 
production of a device was not easy. 

[0006] This invention aims at a rearrangement offering the formation approach of few good AIGaInN thin films of surface 
smoothness. It aims at providing coincidence with the formation approach of the quality AlGaInN thin film to the easy 
substrate top of processing. 
[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the formation approach of an AIGaInN 
thin film according to claim 1 In the approach of supplying the raw material containing the raw material containing an HI 
group configuration element, and nitrogen, and forming an AIGaInN thin film through a buffer coat on the heated substrate 
front face It is characterized by including at least the process which forms the buffer coat which consists of AlGaN after 
forming the first AlGaN single crystal thin film on said substrate, and the process which forms an AIGaInN single crystal 
thin film after forming the second AlGaN single crystal thin film subsequently. As for the buffer coat which forms the said 
first and second AlGaN single crystal thin films at the substrate temperature of 800 degrees C or more, and consists of 
said AlGaN here, it is desirable to consider as the substrate temperature of 800 degrees C or less. 

[0008] The formation approach of an AIGaInN thin film according to claim 2 In the approach of supplying the raw material 
containing the raw material containing an m group configuration element and nitrogen, and forming an AIGaInN thin film 
through a buffer coat on the heated substrate front face The process which forms the buffer coat which consists of 
AlGaN after forming the first AlGaN single crystal thin film on said substrate. Subsequently, the process which forms an 
AIGaInN single crystal thin film after forming the second AlGaN single crystal thin film. It is characterized by ****** which 
includes at least the process which forms the strained layer superlattice structure which consists of an AIGaInN layer 
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from which two or more presentations differ in said second AIGaN single crystal thin film and on said second AIGaN single 
crystal thin film. As for the buffer coat which forms the said first and second AIGaN single crystal thin films at the 
substrate temperature of 800 degrees C or more, and consists of said AIGaN here, it is desirable to consider as the 
substrate temperature of 800 degrees 0 or less. 

[0009] As for making into 300 or more revolutions per minute rotational speed of the heating object which has arranged 

the substrate, and a substrate, in the above claim, it is desirable that they are SiC and ZnO. 

[0010] 

[Function] According to the production approach of the AIGaInN thin film of claim 1, there are the following operations. 
[0011] When a grid mismatching difference and a coefficient-of-thermal-expansion difference with AIGaInN use very small 
SiC and a ZnO substrate compared with silicon on sapphire, if it is below critical thickness, a single crystal AIM thin film 
can be deposited on flat and homogeneity. Since the non-single crystal AIN deposited at low temperature on this AIN thin 
film is deposited on the single crystal which consists of the same element, that front face becomes possible [ flatness and 
supposing that it is uniform ]. 

[0012] Furthermore, since the non— single crystal buffer coat is deposited at low temperature through a single crystal layer, 
the impurity diffusion from a substrate can be reduced remarkably. Therefore, compared with the AIGaInN layer deposited 
only through the non-single crystal buffer coat on conventional silicon on sapphire, propagation of the defect generated 
from the buffer coat interface is reduced remarkably, and can reduce sharply propagation of the misfit rearrangement to 
the AIGaInN thin film deposited on the top face, and formation of a quality AIGaInN thin film is possible for it 
[0013] Furthermore, according to the production approach of an AIGaInN thin film according to claim 2, there are the 
following additional operations. 

[0014] S ince distorted AIGaInN supertattice is arranged in advance of formation of an AIGaInN thin film, and the movement 
component to field inboard becomes large by distorted AIGaInN superlattice, a misfit rearrangement can control the 
propagation to a top face efficiently, and the formation of a quality AIGaInN thin film of it is attained 
[0015] Moreover, according to this invention, formation of an AIGaInN thin film quality also on easy substrates of 
processing, such as SiC. is possible. 

[0016] Furthermore, since high-speed rotation of the substrate was carried out it can grow up at low temperature 
comparatively. Control of the gas convection current by the high thing and the control of dissociation of In of growth 
temperature are attained. Therefore, formation of a quality AIGaInN thin film or AIGaInN multilayers is attained from the 
former at low temperature. 
[001 7] 

[Example] Hereafter, an example explains this invention. In addition, about the same part the same sign is described below. 

[0018] The MOVPE equipment roughly shown in drawing 1 was used for manufacture of an AIGaInN thin film. Here, the gas 
installation tubing 2 made from a quartz is attached in the interior of the coil 1 made from a quartz. It has structure which 
can supply the raw material containing the raw material containing an III group configuration element, and nitrogen to 
coincidence from gas installation tubing made from a quartz. The coil 3 for high-frequency heating is installed in the 
periphery of the coil 1 made from a quartz, and the susceptor 4 made from graphite by which the SiC coat was carried out 
is installed in the interior. The susceptor 4 made from graphite is supported by the motor by the susceptor bearing bar 5 
pivotable to 1000 revolution-per-minute extent. It has the composition that the substrate 7 carried on the tray 6 made 
from a quartz can be installed in susceptor 4 made from graphite top face. Moreover, the exhaust port 8 connected to the 
vacuum pump is established in the pars basilaris ossis occipitalis of the coil 1 made from a quartz, and the pressure 
regulation in the coil 1 made from a quartz and exhaust air of gas can be performed. 

[0019] (Example 1) Cross-section structural drawing of the AIGaInN thin film produced to drawing 2 by the formation 
approach of the AIxGaylnzN thin film (AIGaInN is called x+y+z=1, 0 <=<=x <=1, 0<=y<=1. 0<=z<=1, and the following.) of the 
first example of this invention is shown. About the formation approach of the AIGaInN thin film using the MOVPE 
equipment of drawing 1 . order is explained later on. 

[0020] After carrying out cleaning washing of the 6 H-SiC substrate 11, it has arranged as a crystal growth substrate on 
the tray 6 made from a quartz, and introduced in the coil 1 made from a quartz. After introducing hydrogen gas in the coil 
1 made from a quartz and setting coil 1 made from a quartz interna! pressure as 1/10 atmospheric pressure, the susceptor 
4 made from graphite was rotated by 1000 revolutions per minute. Subsequently, the temperature up of the susceptor 4 
made from graphite was carried out to 1 100 degrees C in hydrogen gas, and 6 H-SiC substrate 1 1 front face was 
defecated. 

[0021] Then, after lowering substrate temperature to 900 degrees C and introducing ammonia gas as a V group raw 
material on the 1 1th page of 6 H-SiC substrate from the gas installation tubing 2 made from a quartz, after 10 seconds, 
trimethylaluminum was supplied as an ID group raw material, and the single crystal AIN layer 12 of lOnm of thickness was 
deposited. Since this AIN layer 12 is about lOnm, it serves as film of high quality into which a defect does not go. 
Moreover, this layer also has ******** which improves the concordance of the layer and SiC substrate which are made to 
deposit from now on. Although an AIGaInN layer and the lattice constant of a SiC substrate are near, it is because there is 
a difference in a configuration element (ike aluminum is not included. 

[0022] Then, after suspending supply of trimethylaluminum and lowering substrate temperature to 600 degrees C. 
trimethylaluminum was again supplied as an HI group raw material from the gas installation tubing 2 made from a quartz, 
and the non-single crystal AIN layer 13 of 20nm of thickness was deposited. This was used as a buffer coat Although the 
AIN layer 12 is less than critical thickness, and a defect does not enter since thickness is also thin, this AIN13 serves as a 
non-single crystal. It means that a non-single crystal is not a perfect single crystal here, and polycrystal and an 
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amorphous substance are also contained. 

[O023] Subsequently, after carrying out the temperature up of the substrate temperature to 1000 degrees C, 
trimethylaluminum and trimethylgallium were supplied as an III group raw material, and the AIGaN layer 14 of 3 
nnicrometers of thickness was deposited. A presentation is aiuminumO.1 Ga0.9N. AIGaN layer 14 front face became flat with 
growth of 3 micrometers. 

[O024] Furthermore, after lowering substrate temperature at 900 degrees C, trimethylgallium, trimethylaluminum. and 
trimethylindium were supplied to coincidence and the AIGaInN layer 15 of 3 micrometers of thickness was deposited. A 
presentation is aluminumO.8GaO.05InO.15N. 

[0025] After suspending supply of trimethylgallium, trimethylaluminum, and trimethylindium finally, supply of ammonia was 
suspended in the place which lowered substrate temperature and became the temperature of 300 degrees C or less. After 
dropping the temperature of a substrate to a room temperature, the substrate was taken out from the inside of the coll 1 
made from a quartz. 

[O026] In this example, in spite of having deposited the thick film 6 micrometers or more on the substrate, there was also 
no generating of a crack, it was surface flatness, and as for carrier concentration, according to the hall effect, 1015cm-3 
and a 4 yuan mixed-crystal layer with very few defects were obtained. 

[0027] Moreover, when rotating the susceptor 4 made from graphite by 10 revolutions per minute, it checked that a crystal 
front face is uneven. In presentation of 4 yuan was set to 0.15 to In presentation of a mixed-crystal layer having been 0.06 
in the case of this example, In was incorporated by high-speed rotation of 1000 revolutions per minute, and a rate 
increased. 

[0028] According to this example, compared with the AIGaInN layer deposited only through the non-single crystal layer on 
conventional silicon on sapphire, propagation of the defect generated from the buffer coat interface was reduced 
remarkably. 

[0029] Thus, the reason which can deposit a very quality AIGaInN layer on a substrate is that, as for the non-single 
crystal AIN layer 13, dispersion in thickness or the crystal structure can deposit few layers since the SiC substrate 11 
with a near lattice constant was used for the AIGaInN layer 15 upwards and the thin single crystal AIN layer 12 which is 
the same configuration element as the non-single crystal AIN layer 13 was deposited on this substrate 11. If an AIGaInN 
layer is grown up through this single crystal AIN layer 12 and the non-single crystal layer 13, it is not necessary to 
necessarily use a SiC substrate, however, a SiC substrate is markedly boiled compared with silicon on sapphire, and is 
easy handling. 

[0030] Moreover, although the single crystal AIN layer 12 and the non-single crystal AIN layer 13 which a presentation 
becomes from AIN are used on the SiC substrate here, Ga may be contained in this presentation and you may be the so- 
called AlxGal-xN layer (0<=x<=1 ). 

[0031] In addition, although aIuminumO.1 Ga0.9N layer 14 is used on the non-single crystal AIN layer 1 3 in this example for 
growth of the quality AIGaInN layer 15, you may be the case where this layer does not exist. 

[0032] (Example 2) Cross-section structural drawing of the AIGaInN thin film produced by the formation approach of the 
AIGaInN thin film of the second example of this invention to drawing 3 is shown. The difference from an example 1 is using 
the AlGaN/GaInN strained layer superlattice 18 between the AIGaInN layer 15 and the AIGaN layer 14. About the 
manufacture approach of the AIGaInN thin film using the MOVPE equipment of drawing 1 , order is explained later on. 
[0033] After carrying out cleaning washing of the 6 H-SiC substrate 1 1, it has arranged as a crystal growth substrate on 
the tray 6 made from a quartz, and introduced in the coil 1 made from a quartz. After introducing hydrogen gas in the coil 
1 made from a quartz and setting coil 1 made from a quartz internal pressure as 1/10 atmospheric pressure, the susceptor 
4 made from graphite was rotated by 1000 revolutions per minute. Subsequently, the temperature up of the susceptor 4 
made from graphite was carried out to 1100 degrees C in hydrogen gas, and 6 H-SiC substrate 11 front face was 
defecated. 

[0034] Then, after lowering substrate temperature to 900 degrees C and introducing ammonia gas as a V group raw 
material on the 1 1th page of 6 H-SiC substrate from the gas installation tubing 2 made from a quartz, after 10 seconds, 
trimethylaluminum was supplied as an III group raw material, and the single crystal AIN layer 12 of lOnm of thickness was 
deposited. 

[0035] Then, after suspending supply of trimethylaluminum and lowering substrate temperature to 600 degrees C, 
trimethylaluminum was again supplied as an III group raw material from the gas installation tubing 2 made from a quartz, 
and the non-single crystal AIN layer 13 of 20nm of thickness was deposited. This was used as a buffer coat. 
[0036] Subsequently, after carrying out the temperature up of the substrate temperature to 1000 degrees C. 
trimethylaluminum and trimethylgallium were supplied as an III group raw material, and the AIGaN layer 14 of 3 
micrometers of thickness was deposited. A presentation is aluminumO.1 Ga0.9N. AIGaN layer 14 front face became flat with 
growth of 3 micrometers. 

[0037] Then, after lowering substrate temperature at 900 degrees C, trimethylgallium, trimethylaluminum, and 
trimethylindium were supplied, the AIGaN layer 16 of 2nm of thickness and the GaInN layer 17 of 2nm of thickness were 
deposited 40 periods continuously, and the AIGaN/AIInN strained layer superlattice 18 was formed Presentations are 
aluminum0.9Ga0.1N and aluminum0.7In0.3N. 

[0038] Furthermore, trimethylgallium, trimethylaluminum, and trimethylindium were supplied to coincidence and the 
AIGaInN layer 15 of 3 micrometers of thickness was deposited. A presentation is aluminumO.8Ga0.05InO.15N. 
[0039] After suspending supply of trimethylgallium, trimethylaluminum, and trimethylindium finally, supply of ammonia was 
suspended in the place which lowered substrate temperature and became the temperature of 300 degrees C or less. After 
dropping the temperature of a substrate to a room temperature, the substrate was taken out from the inside of the coil 1 
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made from a quartz. 

[0040] In this example, in spite of having deposited the thick film 6 micrometers or more on the substrate, there was also 
no generating of a crack, it was surface flatness, and as for carrier concentration, according to the hall effect 1015cm-3 
and a 4 yuan mixed-crystal layer with very few defects were obtained. 

[0041] Moreover, when rotating the susceptor 4 made from graphite by 10 revolutions per minute, it checked that a crystal 
front face is uneven. In presentation of 4 yuan was set to 0.15 to In presentation of a mixed-crystal layer having been 0,06 
in the case of this example. In was incorporated by high-speed rotation of 1000 revolutions per minute, and a rate 
increased. 

[0042] Since propagation of the defect generated from the buffer coat interface was not only reduced remarkably, but had 
arranged the strained layer superlattice 18 compared with the AIGaInN layer deposited only through the non-single crystal 
layer on conventional silicon on sapphire according to this example, it could control efficiently that a misfit rearrangement 
spread from the AIGaN layer 14 to a top face, and about double [ more ] figures were reduced compared with the case of 
an example 1 in the defect density of the AIGaInN layer 15. 

[0043] When silicon on sapphire was used for this formation approach, effectiveness was not accepted but in the case of 
the SiC substrate, was completely very effective. 

[0044] In addition, this invention is not limited to the example mentioned above. Moreover, the substrate to be used is not 
limited to an above-mentioned substrate, however, a SiC substrate and a ZnO substrate have the difference of a lattice 
constant with an AIGaInN layer alike and smaller than silicon on sapphire, and are easy also handling. Neither the raw 
material used for crystal growth nor a thin film presentation is also above-mentioned limitations. A presentation or 
configuration of AIGaInN multilayers are not limited, either. 

[0045] Furthermore, it cannot be overemphasized that it is applicable also to the multilayered film formation as a light 

emitting device using this invention. 

[0046] 

[Effect of the Invention] Thus, according to this invention, if an AIGaN single crystal thin film is formed after forming the 
non-single crystal AIN on a single crystal AIN thin film and easing grid distortion, generating of a defect will be controlled, 
and since propagation of the rearrangement to the AIGaInN thin film deposited on the top face is considered as the 
configuration which can be reduced sharply, a quality AIGaInN thin film can be formed. 

[0047] Moreover, since distorted AIGaInN superlattice is arranged in advance of formation of an AIGaInN thin film, since 
the movement component to field inboard becomes large, the rearrangement generated from the substrate or the buffer 
coat interface can control the propagation to a top face efficiently, and can form a quality AIGaInN thin film. 
[0048] Therefore, it is very useful to the blue semiconductor laser component manufacture which can be used for high 
blue light emitting diode, the light source for information processors, etc. of luminous efFiciency. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The schematic diagram of the MOVPE equipment explaining the formation approach of the example of this 
invention 

[Drawing 2] Cross-section structural drawing of the AIGaInN thin film by the formation approach of the AIGalnN thin film 
of the first example of this invention 

[Drawing 3] Cross-section structural drawing of the AIGalnN layer membrane by the formation approach of the AIGaInN 
layer membrane of the second example of this invention 
[Description of Notations] 

1 Coil made from Quartz 

2 Gas Installation Tubing made from Quartz 

3 Coil for High-frequency Heating 

4 Susceptor made from Graphite 

5 Susceptor Bearing Bar 

6 Tray made from Quartz 

7 Substrate 

8 Exhaust Port 

1 1 6 H-SiC Substrate 

12 Single Crystal AIN Layer 

13 Non-Single Crystal AIN Layer 

14 AIGaN Layer 

15 AIGalnN Layer 

16 AIGaN Layer 

17 GaInN Layer 

18 AIGaN/AIInN Strained Layer Superlattice 
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TA 1 G a I nN»IK$:}^j^-r^?&S-CaboT, 

1 Ga I nNmiKSiitli&jf^^fSXSt, ^-^trcit 
Sr^^atf^A 1 Ga I n Ni|i®#»)K©»3g:&fe 

XA 1 G a I nN»I^SrJ^^-r^*j4Tifet3T. 

miB*«±{cm-oA 1 G a-Nmu^mm^m^vTz^ 

tC, A 1 GaN*>e>;S:Sig«g<&^^fig-rSXiga:. 

:i^\^^-cfs-(DA] GaNmm^mm^m^vftmz, ws 

fBm~<DA 1 GaNmi^a»^+'bb<«mfEBm— CDA 

1 GaTsimm^mm±iz. ^fk(Dm.m(omu^A i ca 
trcits#^t-r^A 1 Ga I nN^mi^mmomi^:^ 

[ifi*«3l ^- RI/^H— CDA 1 G a N:^i^S»M 
8 0 O'CfiilicDS^iaS'rj&fiKL-. A 1 GaN*^e> 

4^ISi:-r^il*3K|gl S;'S:tt2tCl2«®A 1 Ga I nN 

j*-efe-oT, ««&iBabfcJnfi#:oieitei^S* 3 0 0 

iciBKoA 1 G a I n N^m^mmcDmt^m, 

^t-rs»*JBl*fc«2tCW3«CDA 1 Ga I nN^t^^ 

im^JM&] mm^AiGa-Nmii, 

ifrlB^J^SA 1 G a N^Jilcj^fS L.;t A 1 G a e.;^ 
WIBA 1 G aN*ie.;^^M«g±fCj^^LfcA I Ga I 

nNga:. ^m?.rz:it=t!i^mt'r^¥mi^^it. 
6 \zsim(D^mi^mmmm^mmvftz.ii^fi^WLii-r^ 

[0 0 0 1] 

i^^ytv"^ xi7^mmmmmmytmizmi^^:iii(D-v 

[0 0 0 2] 

[Se*Ofe?l5] 1 9 8 8mz6 7 0 nm^A 1 G a I n 



(2) #BB¥8-2 0 3 8 34 

2 

0~6 9 0 nmj&5BB!^Ot|3iL''Tabofc:*i, A*— n— KU 
Jl/We 3 0 nm^'s-t^frbr^Ofe^S. $e>{C!|?3fe. IE 

^ *^ e. tc t) •& w -■ © ^ ^ nr 

So — ^ft;;^U'i'XK(GaN) mz. 4eV<©jS: 

m^is^^9^^mmztiii.^mtn^b.\y'ZMwmvt-^ 

[0 0 0 3] GaN»IK©f^ffi5^i*tLT«. a-A 1 
2O3 (•9-7T'f7) »S±lCMOVPEiS (*t!I^SSl 

TS: 1 0 5 O'Cig^tCffllf^brc*^, «^JA«. -y-^y-f 

.tSiT-SferoTfe-S. SiB-y-^T-f (0 0 0 1) 
CffiSrfflti. i&WL-vmmiyrzG aN-^A 1 NiS«S£:Jh 

LTjt&w^RcDG a Nmm^m^-v^^z. hifimm-^ 

[0 0 0 4] 

30 If, -y-^r-YTCMtGaNiCO^tttl 3. 8%^:^J 
. •r<. 1^— T^FSttoAViSYbMco^SyjiSgi^Tafeo 

[0 0 0 5] ^mL^mmvtzmmm^iftvrz.^^\z^^^ 
[0 0 0 6] :^mmt.. m^ffi'pfs.<W'm'&(D^\,'^K i 

Ga I nN»IKcD?g^£:S^}£^a«'r^;it^@&5t-r 
l^^tc. ttiXc^>$M;^S^±^<DiSS,W?aA 1 G a 

[0 0 0 7] 

tc. 1 l5«co A 1 G a I n N»IKco?^^S:3&ffiJi> 

50 xs^m^^t^mM^^ii^x^tmmm^iti^^ A i g a i 



—280— 



3 

A 1 G a Nm^^mm^m^VTcmzA l G a Nf)^^y3: 
^mmm^J^^t^TMt. :k\^^l!^r.<DA l GaN* 

m^mm^m^vtzmzA i Ga i nNm^^mm^^ 
^'T^jim^'pfs.K th^tszL^^wmiL-r^o :iz. 

X. WIEm— &I);||-CDA 1 G aN^;Sa»K^^8 0 0 

[0 0 0 8] »^3^2|a«CDA 1 Ga I nN»IKCD?g^K 

1 Ga I nN»K^?^^£'r^:>&?*tC:feViT. M8Sa«± 
trS-CDA 1 GaN^)ga»K^J^^SLfc^t^A 1 Ga 

G a N^f^^mm^mm^l^rzWilZA l G a I n N:^iSS 

mm^m^-r^xnt. MiBmiicz^A i GaN**gs» 

IKt|i^>b<liSai5m-CDA 1 GaNmJBS^|g±tc:^^ 
Oiafi£<Z)S;^^A 1 Ga I n N^^^e;5:^MMI&^«ii 

C il-r. ttlEH-RlK^-cOA 1 G a Nm^a^P 

e^^^^iisffi^iis 0 o'cfiATcosffiMS.h'r'Scit^o^m 

[0 0 0 9] «±co»*:S(C*5l':^T> SK^BEMbybUn 

^ft:coiHiej^gt3:3 0 ome/ra^etiiiT^cii. s« 

[0 0 10] 

[f^ffl] 1 C[) A 1 G a I n NISK(Z)f^ia:3^?i (Cct 

[0011] A 1 G a I nN ^(Di^l^^m^m^Wtmm 

^i^SA 1 Nrnm^^m^^-D^—izmmx^^. zl<da 

1 N»|g±tC{g;M-r«ffl-r'S)#^^SA 1 Ntil^— 7C^ 

[0 0 12] $^tcii. ^^^m^i!Yhx^m^i^^mm 

#^¥igai^WgcO^^:fl^LT*«bfcA 1 Ga I nNM 

M^n> ±MtC«SbfcA 1 Ga I nN^M-\c^^7.-7 
^ htefi:coeaS^±i|StC<£MT€ii5am^A 1 G a I 

n Nmmcomm^'^mx&^o 

[0013] mz. m^m 2 8S®0 a 1 G a I n NISI^ 

[0 0 14] A 1 Ga I nt^nm(DW^mz9c\L'hm.A 1 

G a I nNS^^^^BBM-r^tT^T, ^ X :7 ^ 

aiA 1 G a T nNffi*&^tCj:oT®r^;^fnI^oai&^^3^ 



(3) 1*5g¥^8-2 0 3 8 3 4 

SiW^A 1 Ga I nNSf|Kc;D?^££^^prtEi:;?^^o 

[0 0 15] Sfc. *5!?g{cj;na. S i C^iifOSnX 

(DmBys.M^±\Z^M&mfS.A 1 Ga I nN|i|gCD?^^£ 

[0 0 16] m^^Mmm^-^i^fzoyx. it 

o Tse5fe<t v ^&mxm^mtj:A 1 g a i n Nmmh v 
10 < t^A 1 G a I n'^^mmcDm^immt.u^o 

[0 0 17] 

mmm^ BIT, mMmx^m^^mm-t^. n.^. a 

Tl^— SBi)^ tc-::? T |ni— ?5F-^ ^iBTo 
[0018] AlGaIn N«IKcDfii§{c:^l. m 1 

/s^ 1 <D}^mz\t'B^miJ 7.mxm 2 jji^isd ^^t e>nT 

mi^iin^m^-^ts^M^nmizm^x^^m^tfs.^ 
x\.^^. H^KSiS^ 1 (D9vmz\mmmBmm:2^ )v 

hiSltiiy:$^ — 4tl^— ^ — tCioT 1 0 0 0 0^/^)^ 

I/- 6 ±tcB:m$nfcS« 7 mmnx^^m^hfs.'DX 

(r>miwmmsi]x<Dm^fAx^^. 
[0019] mmm d ® 2 \z:^^m(om—(Dmmm 

30 CDA 1 xG ay I nzNiStt (x + y + 2 = 1 . O^^x 
^1; O^y^l. O^z^l. «T> AlGaInN 
<i:**;-rc ) C0Jg^g:5ffitC<kDfPSbrcA l Ga I nN» 
j^cO^fffi^igS^^-To l^l(DMOVPEigfi:^fflt.ifc 
A 1 Ga I nNn^O)Wl^-Jjmzr:>\^^X. JH^iloTlfi 

[0 0 2 0] 6H-S i CSffil l^£Kj!i«fe#bfc^, 

s/j;;«iF^ir^Abfco 5^MK/s^i(^tc7tc^:yx^£ 

«Ab, H^SS^S^lPrlJE^^l/l O^micK^U 
^ ^^^7r-r hS-y-ii::^^' — 4^ 1 0 0 0[Hie/f^ 

[0 0 2 1] ^(o^^. s«ias&9 0 o'c^-ri^iab. 
mwMh\yX7>^-Ti37.^m^x\^fzmi. iow^\z 

1 1 1 :KllJfsF t L T h u ^ y ^ - ^ A ^ u Ti^ 

JP 1 0 nmCOmi^SA 1 N® 1 2 S:««Lfco ClOA 1 
Ngl 2\tl OnxrmmX^^(DX. X^t^X^Zt,0 
50 U^^^ffu'R<Dm:t,U^X\^^^o SfcCCDBJl, znii^ih 
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5 

^feS^o S i CSKliA 1 Ga I nNM<hf&T5£Stt 
[0 0 2 2] ^(7)^. V^) ^=5^)V7 h.<Dm^^ 

is^mmi^rzo :in^mmmhhxm^^rco a ins 
1 2jm#MjP£tF*gTSoT. mmho-ri^tcib. 

mt^^^ Z. t\ty3:^^ti^. ::CDA 1 N 1 3 

[0 0 2 3] :k^^x. mWiUA^ 10 0 ot:tc#iabfc 

^:*«Lf::o mmt. A 1 0. IG aO. 9NT^afe^o Sum 
CD^SlIZ^-oXA 1 GaNBl 4 SffitS^StTSoTco 

[0 0 2 4] ssfiffi^Q 0 ot:t'^iabfc^. 

^;i'-r>>^^7A^£:[^^fC#t«&LTI^jP3 MmCDA 1 Ga 
I nNgl S^mmVTco jfl^HA 10.8Ga0.05I n 

z:5XT>'E=:7(D^i&^W±Vrz. 
[0 0 2 6] *^JS«a|{ci5ViT^^, StgJitC 6 Minet± 

1 0^^ cm-3i:ffiftT:;^fi(§<^)^|»^t,iEg7C?lSg;&t^^,n 
[0 0 2 7] Sfc. i^^:7r'< h«-y-fey5^-4*l 0 

^mommgimo. 0 dx^-DtziDizMi^. :^mmm 

(Om-^s InmmtO, 15i:^0> lOOOIsIG/^i^ 

[0 0 2 8] *^jfiwtcctn«, ^^^(D-^yy^rmm, 

±\Z^^^^^m(D^^^\^Xmm\ytzA l Ca I nN^ 

[0 0 2 9] Z(DXo\zm^±.\Z^\^n\Z^nm,<^^^^A 1 
G a I nN^^iiSlT^^SfeJl, AlGalnN^l 
5tz:feTl£S:(^3St^^S i ca«l 1 ^fflVifcJttC, Z<D 
S«llJilC. l#^)KaA 1 N@l 3 <hl^i;;K^7C3^T 
&^5-rVi*igaAlN^l 2^:*«bfcCDT> 
SA 1 1 3^^JS^^^S«ig<7>^ie.'::)^^t^;^l':*@ 



(4) 4#BH¥8-2 0 3 8 3 4 

6 

^mnx^^t^^x^^o cKT^m^SA I Nil 2 

1 3 (^i^t/M^TA 1 G a I n NS^f£S$-&n 

[0 0 3 0] Sfc^l^lTtiS i C^^±,\zm^ffiA 1 N 
>0^e>^^^^SA 1 NMl 2:feJ:^#»^SA 1 NB 1 

z^m\^^x\^^^ffi. z<DmmzGeiti^^^nx\^^x'h^ 

<. t.it)«)^A 1 xG al-xNB (OSx^l) Ta&oT 

[0 0 3 1] 7^43. *:^SS««JTtt. SgOcfcViA 1 Ga 
I n Nil 5 (D^^<Dfz.mz. I^^^SA 1 Nil 3 O 
±IC. A 1 0.1Ga0.9Nei 4^fflt.iTVi»-i)^^. clCOM 
V i 3l T & o T fe *^ S t:> I' i o 
[0 0 3 2] <Mmm 2)03 tC*:5gPJCDm-(D^liS^J 
CD A 1 G a I n N$5^(D?gfi6;:5ffi{e:<t Of^MbfcA 1 G 
a I nN^^O»fM«igig^^-ro ^Mm 1 (hcoSVi 
ti. A 1 G a I n 1 5 t A 1 G a Nl 1 4 h<Dm\Z 
A 1 GaN/G a I n N^M#&^ 1 8 ^ffl V^Tl/^-S d i 
20 TfeSo lai cOMOVPESg^fflVifcA 1 Ga I nN 

mm(Dmm:^mzzD\,^x. m^m^xmrn-r^o 

[0 0 3 3] 6H-S i CStSl l^ffiIi«fe?^L;^c:^. 

KiJ;;^! F*gtC«AbfCo :5^ffiKii&«lF^IC*3g:^X^ 
«Ab. :5^K^^S^lP^JE:fj^ 1/1 O^JEfC^Sb 

•^^3^-4^ 110 0t:^T#ab, 6H-SiC»*Rl 

30 [0 0 3 4] ^(D^. SffiMS^9 0 ot:^T^iab. 
S^K^rX^A^2 7&>e 6H-S i CStgl lffi±{CV 

mmntvxT>^z:.Tisx^mxLrz^. io?}>^tc 

1 1 hVXhV^ ^JITJV ^ - A bTIK 
JP 1 0 nmO^i^aA 1 Nil 2 ^««L:^o 

[0 0 3 5] -^CDg:. hU>^^;i/TJl/^-^7AcDft*&^ 
—RW±V. S4gMS=&6 0 Ot:STKfiLfc^, 
fi:flX#A^ 2 6) II miMJisFi: LT h U ^JUTJl^ 
-•5^ASrBffim*&LTKJS2 0 nm(7)#^iKSA 1 Nl 

40 [0 0 3 6] »i\^^X. S^Wl&^I 0 0 OX^lZ^miyfc 

uimmmzvxhv ;^^jvT)i^-oA^hv ^ 

5^;U^f'J ^Ms^m^l^XmmS uttKDA l GaNS l 4 
^mmLfCo M^fitiA 1 O.IG a0.9NTfc^o 3 iimCD 
Si&\ZX-DXA 1 GaNll 4^m\^W^m^f3ir:>rcc 

[0 0 3 7] -^(DWi. s«ias^9 0 ox:\zmWii^rc 

V ^^^Jl-^ >i^^A^mi^lyXmm2nm<DA 1 GaN 
116 tmm2 nmCOG a I nNl 1 7^Bi^bT4 0 

A 1 G a N/A 1 I n N3iMt&T 1 8 
50 ^l^Tco Sfl^tlA 1 0.9G aO.lN. AlO. 7In0.3NT 
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(5) 



[0 0 3 8] MIC. hU>C5^;i/:«fu^7i:,, hVy^^JVT 

i9 3 MHiCDA 1 Ga I nNg 1 5^«ffiLfcc ^^EtiA 
10.8Ga0.05I nO.lSNTfe^o 

[0 0 3 9] mmzh^J ^'^JVU^J^M.. hUpC^JI^T 
[0 0 4 0] :^mmm\Z:^^^X\t. StS±tC6 iiim£A± 

[0 0 4 1] ^Tz. if'yyr-iVmr^'t^^—A^io 

^m(D I nm.^f)^o, 0 e'r^$>'orc<D\zMv. *iiiS0»j 

c?5^^. Inm^liO. 15t7S:0. 1 0 0 0 il9 
[0 0 4 2] **SSfiajtc<tnti. «e5fe<^it:7r-rTS'K 

_btC##igS^(0^5?^^^M^T:*«bfcA 1 Ga I nNM 

Ts^^v h^m^A 1 GaNgl 4 f)^ ^ ^M^BM-t ^ 
CD^^^6g(C«IffiIT^> A 1 G a I n 1 5 (DXf&^ 

m^^mm i (Dm'^\zjt^T'^i^\z2mn&^mu^n 

Tz. 30 

[0 0 4 3] :i(Dm^':)5m-t. ^yr^Tm-WL^m^^rz 

^'^\zu±<mmtm^^nrf. s i cmWi<Dm'^\zm 

[0 0 4 4] f^^. ^^m\tiM\yrz^mm\z^^^n 
^feo-rtii^vio ^fz. m^^^^Wt^±.^(D^mz\tm 

"^-^nU^^o tztz. S i CS«^Z nOStSt^> A 1 G 
a I nN^i:<DtS-^^IS[O^;^t1t:7T>rTS«J:0fet& 

fcMJ|sf'^l5I^m££*>-ba!(0®»p-rJSfel.^c A 1 Ga I n 

[0 0 4 5] $e>tCti. *%HJ^fflV^;^c:5g5t^^tUT 



4$M¥8- 2 0 3 8 3 4 



8 



^MSIIi?^JS£ tC ® ffl T ^ ^ <7) tt-S 5 * T fe 34 V i o 
[0 0 4 6] 

N^lK±t::#N*^SA 1 N^j^^KLfe^ai^^^fiibfc 

m^n. ±M\zmnvtzA i g a i n't^mm^o^u^co 
mM^±m\z^mr(^'^^m^ii'r^tz^. sssKi^A i 

Ga I nN^I^^J^lST^^o 
[0 0 4 7] ^fc. A 1 Ga I n N55l^c^^J5£fc:$felt-^ 
3IA 1 G a I nNSt&T^SEe-r^c^T. 

;4^fc». _hffi-v(^eieS:^^Wf::«JWT#ii&ia®;S:A 

1 Ga I nN»K&?]^^£T^^o 

[0 0 4 8] Lfc^^oT. %^g!l^CDiSVi»fe%^^^ 

[0 2 ] O^JSWOA 1 G a I n N»Mc^ 

m^yjmz^^A l Ca I nN^^£D»rffi«ill^ 

[M3] *%?go|g-Og^S6^JCDA 1 Ga I nNgMOD 
mm^m\Z^^A l Ga I nNgKO»fM«i§E 

1 S^MKlC^ 

2 :H^«:^fX«Al^ 

3 itSSiSJo^ffln-f ;i/ 

5 ■y-ir:?^^-3t^^ 

6 K V- 

7 S« 

8 Sf^P 

1 1 6H-S i CStS 
1 2 -^^SA 1 NB 
1 3 ##}igSA 1 

14 A 1 GaN^ 

15 A 1 Ga I nN^ 

16 A 1 GaN^ 

17 G a I nN^ 

18 A 1 G a N/A 1 I n N^®#&^ 
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(6) 
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